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INTRODUCTION 


The  concept  of  energizing  equipment  only  when  it  is  needed  forms 
the  basis  for  many  energy  conservation  control  strategies.  Two  of  these 
strategies  are:  Scheduled  Start/Stop  and  Optimum  Start/Stop.  Scheduled 
Start/Stop  can  be  implemented  with  many  different  types  of  equipment  and 
has  the  potential  for  saving  all  the  energy  that  would  have  been  used 
during  the  unoccupied  time  except  for  that  needed  to  warm-up  or  cool-down 
the  building  prior  to  occupancy.  Scheduled  Start/Stop  is  based  solely 
on  time  and  the  warm-up/cool-down  time  is  determined  using  the  worst 
case  conditions. 

Optimum  Start/Stop  uses  outdoor  and  indoor  temperature  measurements 
to  turn  the  equipment  on  at  the  latest  possible  time  and  still  meet  the 
temperature  requirements  at  the  beginning  of  occupancy  and  to  turn  the 
equipment  off  at  the  earliest  possible  time  while  still  meeting  occupancy 
requirements  at  quitting  time. 

The  Naval  Civil  Engineering  Laboratory  (NCEL)  has  successfully  im¬ 
plemented  a  single  building  controller  that  utilizes  an  Optimum  Start/Stop 
control  strategy  and  a  dead-band  control  mode  on  a  steam  heating  system. 
This  report  covers  the  development  of  the  single  building  control  system 
and  the  results  of  implementing  that  system. 


BACKGROUND 

Energy  crises  and  the  continuing  rise  in  the  cost  of  energy  have 
made  energy  conservation  a  necessity.  Executive  Order  12003  has  set  a 
target  for  20%  reduction  in  energy  usage  from  the  adjusted  FY75  Baseline 
energy  consumption  for  all  installations.  There  are  many  possible  ways 
of  reducing  energy  consumption,  including: 

•  Insulating 

•  Weatherstripping 

«  Using  alternative  energy  sources 

•  Installing  more  efficient  heating,  ventilating,  and  air  condi¬ 

tioning  (HVAC)  equipment 

•  Tuning  up  existing  equipment 

•  Upgrading  controls 

•  Installing  computer  based  controls 


% 


Large  scale  computer-based  controls  known  as  Energy  Monitoring  Con¬ 
trol  Systems  (EMCS)  have  a  great  potential  for  energy  conservation. 

EMCS  can  be  installed  to  control  an  entire  installation,  part  of  an  instal¬ 
lation,  or  a  single  building.  They  have  the  capability  of  implementing 
many  energy  conservation  control  strategies  and  can  help  provide  better 
facility  operation  and  maintenance.  Large  scale  EMCS  have  a  high  initial 
cost  and  many  buildings  do  not  have  enough  energy  consumption  to  justify 
being  placed  on  such  a  system.  Historically,  equipment  in  these  buildings 
was  left  on  continuously  or  turned  off  manually  or  by  time  clocks.  Obvi¬ 
ously,  leaving  equipment  running  when  not  required  is  unpalatable.  Unfor- 
|  tunately,  inspiring  people  to  be  energy  aware  and  turn  off  equipment 

|  when  it  is  not  needed  is  difficult.  Time  clocks  or  a  method  of  turning 

j  off  equipment  based  on  time  seems  to  be  an  answer.  In  fact,  electro- 

J  mechanical  time  clocks  have  been  successful  but  only  when  there  has  not 

j  been  very  many  of  them  and  there  is  only  limited  access  to  them.  Usually 

5  time  clocks  work  fine  until  the  first  time  change,  or  seasonal  change, 

or  when  someone  is  uncomfortable  and  disables  the  time  clock.  Time  clocks 
;  also  have  to  be  set  up  for  worst  case  conditions  that  may  only  happen 

one  day  or  one  week  a  year. 

To  alleviate  these  problems,  NCEL  has  been  investigating  computer- 
based  devices  suitable  for  single  building  application  that  can  imple¬ 
ment  Optimum  Start/Stop  control  strategies.  To  demonstrate  the  feasi¬ 
bility  of  these  devices  an  Intelligent  Time  Clock  (ITC)  was  developed  by 
contract  and  reported  in  Reference  1.  Significant  problems  were  experi¬ 
enced  in  utilizing  the  IT C  but  it  successfully  demonstrated  the  validity 
of  the  Optimum  Start/Stop  control  strategy.  Due  to  the  shortcomings  and 
problems  of  the  ITC,  a  Single  Building  Controller  using  standard 
off-the-shelf  components  has  been  developed.  The  experience  gained  from 
the  development  has  been  used  to  improve  the  Tri-Service  EMCS  specifica¬ 
tions. 


SYSTEM  DEVELOPMENT 

In  the  late  1970s  NCEL  developed  an  energy  controller  device  as 
part  of  the  Navy's  Energy  Conservation  R&D  Program.  The  device,  called 
an  Intelligent  Time  Clock  (ITC)  and  described  in  Reference  I,  was  in¬ 
tended  as  a  cost-effective  alternative  to  conventional  time  clocks  with 
the  added  capability  of  temperature  sensing  to  intelligently  decide  when 
to  turn  equipment  on  or  off.  After  extensive  software  debugging,  one  of 
two  units  was  operational  by  April  1980.  That  unit  was  installed  in 
Building  560,  NCEL  to  control  its  steam  heating  system.  During  its  first 
3  weeks  of  ITC  control,  natural  gas  usage  by  the  boiler  plant  at  the 
NCEL  complex  decreased  an  average  of  18.6%  from  the  weekly  average  for 
the  previous  2  months  with  a  conventional  time  clock. 

Despite  the  energy  savings  capabilities,  the  ITC  lacked  a  good 
man/machine  interface.  From  the  experience  gained,  it  was  decided  to 
develop  another  machine  to  overcome  the  ITC  difficulties.  That  device, 
the  NCEL  Micro  Energy  Monitoring  and  Control  System  (MEMCS) ,  meets  the 
requirements  of  the  recent  micro  EMCS  guide  specification  and  many  of 
the  requirements  for  the  small  EMCS  guide  specification.  These  speci¬ 
fications  (Ref  2  and  3)  are  now  available  for  implementing  single  build¬ 
ing  EMCS. 


NCEL  Requirements 

NCEL's  physical  location  near  the  ocean  in  Southern  California  makes 
heating  loads  necessary  from  November  until  March.  The  steam  heating 
system  at  NCEL  consists  of  boilers,  distribution  piping,  space  steam 
radiators,  and  motorized  steam  valves. 

ITC 


Initially,  one  motorized  steam  valve  controlled  by  a  conventional 
time  clock  fed  heat  to  a  major  portion  of  Building  560  (Figure  1).*  A 
time  clock  turned  on  the  steam  for  a  continuous  7  hours  per  working  day. 

The  ITC  was  installed  in  the  late  1970s  to  control  the  motorized 
steam  valve,  resulting  in  a  reduction  in  natural  gas  consumption.  Labo¬ 
ratory  direction  in  energy  conservation  has  been  to  use  the  experience 
gained  from  work  with  the  ITC  to  replace  the  ITC  with  a  new  machine. 

ITC  major  drawbacks  were  two:  (1)  lack  of  a  good  man/machine  inter¬ 
face,  and  (2)  only  a  single  source  for  hardware/software.  The  ITC  re¬ 
quired  a  person  to  load  information  using  toggle  switches;  the  method 
proved  to  be  slow,  prone  to  errors,  and  frustrating  to  the  individual. 

It  was  realized  that,  ideally,  a  machine  for  implementing  energy  manage¬ 
ment  should  be  simple  and  have  a  friendly  man/machine  interface. 

MEMCS 


As  a  result  of  the  ITC  experience,  NCEL  developed  the  MEMCS  by  adapt¬ 
ing  off-the-shelf  hardware,  building  a  new  controller  for  the  motorized 
steam  valve,  (see  Figure  2(a)).  Technical  details  on  the  MEMCS  hardware 
and  software  are  presented  in  the  Appendix.  System  configuration  is 
presented  in  Figure  2(b). 

To  improve  the  man/machine  interface,  the  MEMCS  uses  a  cathode-ray- 
tube  screen  and  a  typewriter-like  keyboard  for  an  operator  to  answer 
simple  questions  to  define  the  system  configuration.  MEMCS  also  uses  a 
menu-type  prompt  with  the  system  operator  being  given  a  set  of  choices 
displayed  on  the  screen,  and  then  being  able  to  select  among  the  choices 
by  using  a  simple  keyboard  entry.  Figure  3  presents  a  menu  example.  If 
a  wrong  entry  is  selected  by  the  operator,  the  MEMCS  repeats  the  possible 
choices  to  let  the  operator  know  of  the  error. 

In  addition  to  the  controller  system,  steam  flow  distribution  was 
improved  by  installation  of  several  branch  motorized  steam  valves.  The 
steam  flow  controllability  was  thus  enhanced  and  the  energy  savings  in¬ 
creased  by  providing  steam  only  to  the  areas  requiring  heat. 


*Heat  for  the  rest  of  the  building  was  not  controlled  by  this  motorized 
steam  valve. 


SYSTEM  FUNCTION 


Control  Algorithms 

Optimized  Start/Stop.  When  a  conventional  time  clock  is  used  to 
start  and  stop  a  heating,  ventilating,  and  air  conditioning  (HVAC)  sys¬ 
tem,  the  system  operates  on  a  daily  fixed  schedule,  independent  of  envi¬ 
ronmental  conditions.  In  contrast,  with  an  optimized  start/stop  strat¬ 
egy,  the  HVAC  start/stop  signal  can  be  adjusted  daily,  depending  on  each 
day's  weather  condition. 

An  optimized  start/stop  algorithm  is  shown  graphically  in  Figure  4. 
Parameters  are  defined  in  Table  1.  To  determine  optimum  start-up  time, 
the  controller  senses  the  building  heating  system  capacity  and  space 
temperature  during  a  predefined  time  interval  between  earliest  turn  on 
(ETO)  and  latest  turn  on  (LTO) .  If  the  space  temperature  is  above  the 
upper  limit  or  below  the  lower  limit,  the  controller  turns  on  the  HVAC. 

To  evaluate  optimum  shutdown  time,  the  controller  monitors  the  outside 
air  (OA) ,  and  space  temperatures  and  compares  these  to  or  takes  into 
account  the  building  thermal  inertia  between  earliest  shut  down  (ESD) 
and  latest  shut  down  (LSD).  The  HVAC  then  is  turned  off  at  the  earliest 
possible  time. 

All  the  time  and  temperature  setpoints  shown  in  Figure  4  are  pro¬ 
grammable  or  easily  changed  to  allow  application  in  diverse  environments 
and  situations. 

Run  Time  Mode.  From  LTO  to  ESD  the  controller  operates  on  a  dead 
band  mode,  where  the  heating  system  valve  is  closed  if  the  space  tempera¬ 
tures  are  above  Run  H  or  open  if  below  Run  L  (see  Figure  4).  Care  must 
be  taken  to  set  the  dead  band  wide  enough  to  prevent  frequent  cycling  of 
the  steam  valve. 

The  optimum  start/stop  and  run  time  control  strategies  have  been 
used  in  the  MEMCS  successfully.  The  algorithms  developed  are  translated 
into  a  computer  program  and  executed  to  control  the  HVAC  system. 

Energy  Savings  at  NCEL 

Maximum  energy  savings  obtained  with  the  optimum  start/stop  would 
occur  in  the  spring  and  fall  when  climatic  conditions  are  not  severe; 
less  savings  would  be  expected  during  the  winter  months. 

Table  2  shows  energy  use  at  NCEL  during  the  cold  weather  season  in 
three  past  fiscal  years  with  energy  savings  devices  controlling  the  heat¬ 
ing  system.  Degree  days  are  also  shown.  The  following  information  is 
derived  from  Table  2: 

Using  FY80  as  a  basis  for  comparison,  note: 

•  cooler  temperatures  in  FY82,  except  November 

•  decrease  in  natural  gas  consumption  during  FY8I  and  FY82 
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Tonal  MBtu  used  for  heating: 


FY80  .  .  . 
FY81  .  .  . 
difference 

FY80  .  .  . 
FY82  .  .  . 

difference 

Total  .  . 


Natural  gas  consumption  reduction  during  the  total  heating  season 

Between  FY80  and  FY81 . 7.1%  using  the  ITC  instead  of 

conventional  time  clocks 

Between  FY81  and  FY82 . 7%  additional  savings  with 

_  the  MEMCS 

Total . 14.1%  savings  with  intelligent 

control 


DISCUSSION 

The  MEMCS  field  installation  has  been  a  valuable  learning  experi¬ 
ence,  especially  since  noncomputer-oriented  people  have  been  using  the 
device.  Modifications  have  been  made  in  areas  where  difficulties  were 
encountered.  Basically,  those  modifications  have  resulted  in  clearer 
messages  to  indicate  to  the  user  what  to  do  next. 

Further  advantages  of  single-building  controllers  include: 

•  Monitors  and  controls  energy  24  hours  a  day 

•  Turns  equipment  off  automatically  during  weekends  or  holiday 

•  Is  more  reliable  than  mechanical  devices 

•  Will  generate  hardcopy  records  of  environmental  data 

•  Has  battery  backup  for  memory  in  case  of  power  failure  to 
remember  the  working  setpoints  and  time  of  day 

•  Priced  low  (estimated  cost  is  $10,000) 


*Based  on  a  cost  of  $12,20  per  MBtu  of  natural  gas. 


MBtu  Money  Saved* 

9,985 

9,273 

712 

$8,686.40 

9,985 

8,611 

1,374 

$16,762.80 
.  .  .  .  $25,449.20 
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Several  units  already  designed  to  perform  energy  savings  r  2  now  commer¬ 
cially  available;  some  of  these  include  the  control  algorithms.  In  Refer¬ 
ence  4  these  commercially  available  units  are  surveyed.  Another  purpose 
of  Reference  4  is  to  aid  the  EMCS  prospective  user  in  the  analysis  and 
modification  of  existing  buildings  to  reduce  both  fuel  consumption  and 
operating  cost.  Reference  4  is  summarized  in  NCEL  Tech  Data  Sheet  82-02, 
published  in  February  1982. 


CONCLUSIONS 

It  has  been  demonstrated  that  a  single-building  EMCS  is  capable  of 
saving  a  considerable  amount  of  energy  by  using  the  optimum  start/stop 
and  the  dead  band  mode  strategies  instead  of  a  conventional  time  clock 
strategy.*  Single-building  EMCS  can  now  be  obtained  off-the-shelf  which 
can  implement  the  optimized  start/stop  strategy.  A  good  man/machine 
interface  using  menu  prompting  or  other  techniques  to  simplify  use  by 
Public  Works  employees  is  necessary  to  allow  non-computer  operators  to 
effectively  use  these  systems. 
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*These  savings  have  been  demonstrated  on  one  of  the  most  difficult 
HVAC  systems  -  a  steam  distribution  system  with  individual  radiator 
controls. 
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Table  1.  Limits  Definition  List 


ETC 

Earliest  turn  on 

LTO 

Latest  turn 

on 

TL1 

Temperature 

low  limit  initial  (on  section) 

TLF 

Temperature 

low  limit  final  (on  section) 

THL 

Temperature 

high  limit  initial  (on  section) 

THE 

Temperature 

high  limit  final  (on  section) 

ESD 

Earliest  shut  down 

LSD 

Latest  shut 

down 

OL1 

Temperature 

low  limit  initial  (off  section) 

OLF 

Temperature 

low  limit  final  (off  section) 

OHI 

Temperature 

high  limit  initial  (off  section) 

OHF 

Temperature 

high  limit  final  (off  section) 

Table  2.  Natural  Gas  Consumption  During  Test  Period 


- - 

Month 

Mechanical 

Time  Clock 
(FY80) 

! 

1TC 

(FY81 ) 

MEMCS 

(FY82) 

MBtu3 

Degree  Days'3 

MBtu3 

Degree  Days'3 

MBtu3 

Degree  Days'3 

Nov 

1,908 

249 

633 

154 

600 

209 

Dec 

2,052 

271 

1,904 

224 

1,776 

313 

Jan 

2,158 

246 

1,498 

250 

1,767 

382 

Feb 

1,413 

203 

1,808 

206 

1,735 

229 

Mar 

1,262 

275 

1,858 

257 

1,660 

296 

Apr 

1,192 

203 

1,572 

202 

1,073 

210 

Total 

9,985 

1 ,447 

9,273 

1,293 

8,611 

1 ,639 

Natural  gas. 

^To  determine  degree  days,  the  average  daily  temperature  is 
subtracted  from  65°F;  then  all  differences  are  added  together 
for  each  month. 
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Appendix 

MEMOS  HARDWARE  AND  SOFTWARE 


HARDWARE  (see  Figure  2b) 

Central  Processing  Unit  (CPU) 

The  CPU  is  a  single-board  computer  made  by  INTEL  Corp.,  Model  No. 
ISBC  80/10B,  featuring: 

•  MULTIBUS  compatible  IEEE-796 

•  Up  to  4K  bytes  onboard  RAM  (random  access  memory) 

•  Up  to  16K  bytes  onboard  ROM  (read  only  memory) 

•  One  serial  input/output  (I/O)  port  RS-232C  standard 

•  Six  programmable  8-bit  I/O  ports 

•  Direct  addressing  up  to  64K  bytes  of  memory 

•  One  multimodule  connector  (ISBX  bus) 

One  reason  the  INTEL  Single  Board  Computer  products  were  selected 
is  that  a  development  system  purchased  by  NCEL  several  years  ago  could 
be  used  to  write  the  EMCS  control  algorithms  in  assembly  language,  which 
could  then  be  converted  to  machine  language  and  programmed  into  EPROMS 
(erasable  PROM)  by  the  NCEL  development  system. 

Multimodule  boards  are  special-purpose,  add-on  circuit  boards  that 
reside  on  the  component  side  of  the  ISBC  80/10B  board  and  are  interfaced 
through  the  multimodule  connector  (ISBX  bus).  The  multimodule  board 
used  is  the  ISBX  331  Fixed/Floating  Point  Math  Multimodule  Board,  which 
performs  fairly  high-speed  mathematic  functions.  It  can  accept  data  and 
commands  from  an  ISBC  microprocessor  and  performs  a  repertoire  of  43 
floating  point/fixed  point  commands  faster  than  is  possible  through  con¬ 
ventional  programming  routines.  This  board  contains  an  8231  Arithmetic 
Processing  Unit  (APU) .  Some  of  the  operations  that  can  be  performed 
are: 

•  Square  root,  logarithm,  and  exponential  functions 

•  Add,  subtract,  multiply,  and  divide  functions 

•  Trigonometric  and  inverse  trigonometric  functions 

•  Floating-to-fixed  or  fixed-to-floating  conversions 


Exponentation,  multiplication,  and  division  functions  are  mainly  used  in 
the  control  algorithms. 


Memory  Boards 

4K  Bytes  of  CMOS  RAM  for  MULTIBUS.  This  RAM  board,  model  no.  ISBC 
094,  has  an  onboard  rechargeable  battery  which  supplies  power  in  case  of 
a  power  failure.  The  time  variant  parameters  are  stored  in  this  board; 
therefore,  a  battery  backup  system  conveniently  maintains  those  setpoints 
and  protects  the  system  against  a  power  failure.  The  memory  is  protected 
for  up  to  96  hours  after  power  is  removed. 

16/32/64K  Bytes  of  ROM  for  MULTIBUS.  This  ROM  board  has  variable 
storage  capacity,  depending  on  the  type  of  ROM  used. 

Capacity 


ROM 

(K  bytes) 

2758 

16 

2716 

32 

2732 

64 

Thus,  system  software  can  be  expanded  in  the  future  if  it  is  required  to 
do  so. 

ROM,  a  nonvolatile  memory  device,  does  not  require  battery  backup. 
In  this  board  the  main  MEMCS  control  algorithms  are  stored. 

Analog  to  Digital  Board 

This  board.  National  Semiconductor  Model  No.  BLC  711,  has  32 
single-ended  input  channels  with  an  analog-to-digital  conversion  rate  of 
50  kHz.  Its  main  function  is  to  scan  all  the  temperature  transducers 
and  convert  each  of  them  into  a  digital  word.  It  is  also  compatible 
with  the  INTEL  MULTIBUS. 

Real  Time  Clock  (RTC)  Board 


This  board,  a  self-supporting  timekeeper  designed  to  operate  in  an 
I/O  slot  of  the  INTEL  MULTIBUS,  can  provide:  seconds,  minute,  hour, 
day,  month,  and  year  by  interrogating  the  appropriate  port.  This  board. 
Model  No.  TCU-410  by  Digital  Pathway,  is  also  battery-backed  for  3  months 
since  the  current  time/date  must  be  power  failure  proof. 

For  the  machine-to-outside-world  interface,  an  optically  isolated 
digital  I/O  board  made  by  DATEC  under  the  80001-3001  model  number,  with 
capacity  for  32  channels  of  input/output,  was  used.  The  logic  supports 
a  full  bi-directional  circuit.  Optical  coupling  of  each  channel  enables 
external  circuits,  which  exhibit  different  common  mode  voltages  (up  to 
600  volts) ,  to  be  directly  connected  to  the  system  without  interchannel 
operational  interference  due  to  ground  loops,  damage  to  hardware,  or 
performance. 

This  I/O  board  is  memory-mapped  into  the  system  so  that  it  can  be 
treated  as  four  continuous  memory  locations. 
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Powe r  Supply  and  System  Chassis 


The  previously  mentioned  boards  require  regulated  DC  voltage  at 
+12,  -12,  +5,  and  -5  volt  levels  and  were  met  by  using  the  ISBC  640  Power 
Supply.  The  supply  provides  sufficient  power  for  a  fully  loaded  INTEL 
Single-Board  Computer  and  up  to  11  other  expansion  modules  such  as  mem¬ 
ory,  I/O,  or  disc  control. 

All  outputs  have  current  limiting  and  overvoltage  protection  capa¬ 
bilities.  Special  logic  allows  sensing  for  power  failure  and  generates 
a  TTL  (transistor-transistor- logic)  level  signal  for  orderly  system 
power-down  control.  The  DC  output  power  is  accessible  on  keyed  connec¬ 
tors  that  mate  directly  with  the  ISBC  604/614  Cardcage  Assemblies. 


SYSTEM  SOFTWARE 
Monitor  (Modified) 


The  Monitor  is  used  as  the  basic  block  for  more  complex  subroutines, 
such  as  making  inputs  or  outputs  from  or  to  the  console.  The  monitor 
was  modified  so  that  after  initializing  the  UART  (universal  asynchronous 
receiver  transmitter),  a  specific  location  in  memory  is  examined  to  deter¬ 
mine  if  this  is  the  first  program  execution.  If  it  is,  then  the  setpoints 
and  all  other  information  required  to  run  the  main  program  will  be  prompt¬ 
ed.  In  a  warm  start,  such  as  after  a  power  failure,  the  initialization 
session  is  bypassed  and  program  execution  is  started  automatically  because 
the  necessary  information  is  contained  in  battery  backed  memory  boards. 

Application  Programs 

The  following  application  programs  are  used  to  control  the  HVAC. 

Optimized  Start/Stop.  This  program  automatically  adjusts  the 
start/stop  signal  for  the  HVAC  equipment  in  accordance  with  indoor  temper¬ 
atures,  heating  system  capacity,  building  thermal  inertia,  and  outside 
air  (OA) .  By  using  the  optimized  start/stop  the  HVAC  saves  energy  by 
being  turned  on/off  when  it  is  really  necessary,  not  just  on  a  schedule 
of  a  time  clock.  A  graphical  illustration  of  an  optimized  start/stop 
control  strategy  is  presented  in  Figure  4. 

Basically  the  program  starts  as  soon  as  ETO  is  reached  as  long  as 
it  is  a  working  day  (not  a  holiday  or  a  weekend). 

Between  ETO  and  LTO  the  inside/outside  temperatures  are  compared 
with  a  continuous  function  such  as  an  exponential.  Depending  on  the 
heating  system  capacity,  the  program  determines  an  optimum  start  time  to 
warm  up  or  cool  down  the  working  spaces  to  a  predetermined  setpoint. 

Between  ESD  and  LSD  the  program  also  looks  at  inside/outside  temper¬ 
atures  and,  depending  on  the  building  thermal  inertial,  it  determines  a 
convenient  stop  time  before  the  close  of  working  time  (COW).  The  stop 
time  can  be  before  the  COW  time  because  the  building  retains  warmth  or 
coolness  for  several  hours. 


Run  Time  Mode  Program.  This  program  runs  from  the  time  the  equip¬ 
ment  is  turned  on  until  it  is  turned  off.  The  controller  operates  as  a 
dead  band  temperature  controller  (see  Reference  5),  maintaining  the  build¬ 
ing  temperature  within  a  temperature  band  set  by  Run  H  and  Run  L  (see 
Figure  4). 

System  Programs 

Menu.  With  this  program  the  user  inputs: 

•  temperature  setpoints 

•  time-related  parameters 

•  controller  configuration 

•  holidays 

•  setting  of  the  real  time  clock  (RTC) 

•  requests  for  a  hardcopy  record  of  temperature  sensors 

•  requests  for  manual  control  of  the  system 

Temperature  setpoints  are  those  used  in  the  optimized  start/stop 
algorithm  (see  Figure  4). 

The  time-related  parameters  used  in  the  optimized  start/stop  are: 

ETO,  LTO,  ESD,  and  LSD  (see  Table  1  for  definitions). 

The  controller  configuration  includes: 


•  Entering  how  many  motorized  steam  valves  to  be  controlled 

•  Assigning  names  to  each  of  the  areas  served  by  each  steam 
valve 

•  Assigning  four  temperature  sensors  for  each  motorized  steam  valve 
to  monitor  the  representative  area  served  by  that  valve 

•  Assigning  weighting  factors  for  each  of  the  four  temperature 
sensors  for  calculating  an  average  total  temperature 


Average  Total  Temperature 


W  T1  +  W2  t2  +  W3  T3  +  W4  T^ 

w  +  u  +  w  +  w 

l  2  W3  4 


where  W^_4  are  weighting  factors 

Tj  ^  are  temperature  sensors 

A  larger  weighting  factor  can  be  assigned  when  the  particular  temper¬ 
ature  sensor  monitors  a  larger  area.  Also,  a  null  factor  can  be  assigned 
in  case  of  a  temperature  sensor  failure. 
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Holiday  input  is  used  to  load  up  to  10  holidays  in  memory  in  ad¬ 
vance.  The  controller  enters  a  holiday  mode  when  a  match  occurs  between 
the  present  date  and  a  holiday  stored  in  memory.  During  the  holiday 
mode,  no  heat  is  supplied  for  24  hours. 

When  initializing  the  RTC,  the  correct  time  and  date  is  loaded  into 
the  RTC  board  and  the  day  of  the  week  stored  in  memory.  The  memory  and 
RTC  are  battery-backed  to  preserve  that  information  in  case  of  a  power 
failure. 

The  hardcopy  record  of  temperature  sensors  is  a  convenient  way  to 
verify  the  correct  operation  of  the  controller.  The  six  last  transi¬ 
tions  of  each  steam  valve  and  times  of  occurrence  are  also  printed  (see 
Figure  A-l  for  example  printout) . 

When  manually  controlling  the  system,  the  operator  can  override 
each  steam  valve  to  an  on  or  off  state.  This  feature  proved  handy  when 
Public  Works  needed  to  work  on  the  heating  system. 

All  inputs  are  done  on  the  typewriter-like  keyboard.  The  menu-type 
prompts  have  allowed  noncomputer  people  to  operate  the  machine  success¬ 
fully.  Figures  A-2  through  A-8  are  basic  flow  charts  and  also  describe 
the  MEMCS  software. 
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Transition  History 


POINT 

TRANSITIONS 

Time 

PUBLICATION 

OFF  - >  ON 

09.*  32 

JN  ->  OFT 

09i  44 

8560 -NORTH  DN  -)  Off  09:05 

OFF  ->  ON  09s 24 

ON  ->  OFF  09143 

‘-IFF  ->  ON  IOiOI 

DN  -}  OFF  lot  24 

OI  F  ->  ON  10»  45 


LUMMANt. 

ON  -  > 

OFF 

•  08  .*  52 

OFF  - 

.•  ON 

09:  12 

ON  -> 

OFF 

09 142 

OFF  - 

>  ON 

Ui  12 

ON  -  > 

OFF 

Hi  19 

OFF  - 

>  ON 

lit  23 

1.44.  1.55 

OFF  -)  DN 

09 !  1  / 

UN  - >  OFF 

09:  47 

OFF  ->  ON 

10!  10 

ON  -  >  IFF 

10i  25 

OFF  - >  ON 

lit  03 

ON  ->  IFF 

11:14 

143.1.54 

OFF  - 

>  ON 

06 1  49 

ON 

OFF 

09:47 

OFF  - 

>  ON 

09 1  47 

MATERIAL 

OFF 

->  ON 

07 1 09 

ON  - 

>  OFF 

07i49 

OFF 

->  ON 

08 1  49 

ON  - 

>  OFF 

09 1  04 

HI  F 

->  ON 

09 1.-)2 

ON  - 

>  OFF 

09 : 41 

Figure  A-l .  Sample  printout  of  transition  history  at  NCEL. 
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midnight 


initialize 


Figure  A-4.  Menu  routine  to  modify  the  program  flow,  depending  on  user 
selection  to  the  prompt. 
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L 


J 


»  current  space  temperature 


Figure  A-6.  Routine  to  compare  S] 
to  open  or  close  the  ei 


ct  ■  current  time 


Figure  A-7.  Routines  to  compare  the  current  time  from  the  RTC  with  the  timing 
parameters  and  return  a  code,  depending  on  the  time  limits. 
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Range:  Hex  Dec 

00  -*  00 

JB  -*  59 


Figure  A-8.  Routine  to  convert  time  dock  information  from  Hex  to  Dec. 
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Crane  IN 

NAVI  AC  I  NCiCONI  PNC  DIN  |Ks,|  Code  HU  Pearl  ll.uboi  III.  CODI  OOP  Pl.ARI  HARBOR  III  Code 
404  RDDVt  .  Pearl  ll.uboi  III.  Commandei.  Pearl  Harbor.  III.  Iibiars.  Pearl  I larboi .  HI 

NAVFAC  FNCiCOM  SOI  III  DIN  Code  404.  Ciadds.  C  harleston.  SC  .  Code  00.  RDKVI  IO.  Charleston  SC: 

I  ihrars .  Charleston.  SC 

NAN  FAC  I  NCiCONI  WISI  DIN  NROICC  .  C  onltaets.  Issenlsnme  Palms  (  A:  C  ode  (MB  San  Bruno.  I  N. 

Iibrars .  Sun  Bruno.  CA.  OOP  40  San  Bruno.  C  A.  RDKVl  IO  Coile  4011  San  Bruno.  C  A 

NAVFAC  I  NCiCOM  CONTRACTS  AROICC.  NANS  I  N  Brnoklsn.  NN  A  ROIC  C  Ouaiilieo.  VA.  Commits. 
NROIC  C  .  l.emoore  CA.  Dir.  I  ng  Dis  .  I  smooth  Australia.  log  Dis  do.  Southwest  Pae.  Manila.  PI. 
OICC.  Southwest  Pae.  Manila.  PI.  OIC  C  ROIC  C  N  AS  Oeeana.  Niigim.i  Beach.  N'A.  OIC  C  ROIC  C  . 

Balboa  Panama  C  anal:  ROIC  C  /N I  Ctuatn.  R<)IC  C  C  ode  4o>  Porisinoulh  N  A.  ROIC  C  Kes  West  I  I  . 

ROIC  C  .  Kellavik.  Iceland;  ROIC  C  .  NAS.  Corpus  Christ,.  IX.  ROIC  C  .  Paeilie.  San  Bruno  C  A.  ROIC  C 
Vap:  ROIC  C  -OIC  (  SPA.  Norfolk.  N'A 
NANMACi  PWD  •  I  ngr  Dis.  Ciuam:  SCI  .  Ciiiam.  SCI  Subu  lias  R  P 

NAVOCF  ANSN  SCf  N  Code  44’4B  (lech  lib)  Sail  Diego.  CA.  Code  '4  4  t  II  in  les  I .  San  Diego.  CA.  Code  n'on 
San  Diego.  CA.  Code  S 1 1  San  Diego.  CA 
NANORDMISI  t  SIFAC  PWD  I  ngt  Dir.  White  Sands.  NNI 
NAVORDSTA  PWD  -  Dir.  I  ngr  Dis.  Indian  Head.  Nil).  I’WO  I  muss  die  KN 
NAVPI.IOFI  C  ode  40.  Alexandria  N  A 
NAVPFIRFS  Director.  Washington  DC 

NAVPHIBASf  CO.  AC "B  4  Norfolk.  VA;  SC  I  C  oronado.  SD.C  A 

NAN  Rf  CiMf  DC  I  N  C  ode  4041.  Memphis.  Millington  IN.  I’NND  I  ngi  Dis.  C  amp  I  eieime.  NC  .  PWO,  C  amp 
l.cjcunc.  NC 

NAVRFCiMf  DC  I  N  PWO.  Okinawa.  Japan 

NAVRFTiMF.DCf  N  SCI  ;  SCI  San  Diego.  CA.  SCI  .  C  amp  Pendleton  CA:  SCI  .  Ciuam.  SCI  .  Newport.  Rl. 
SCL.  I  rukland  CA 

NAVRI  (iMI  DC  l  N  SCI  .  Yokosuka.  Japan 
NAVSC  (>l Cl  COFI  C  44  Port  llueneme.  C  A 
NAVSC  SOI  PWO.  Athens  CiA 

NAVSFASYSC  OM  CihIc  0444.  Program  Mgr.  Washington.  DC  .  Cmle  I’MS  W4  A  4.  NN.ishiuelon  |)C.  SI  A 
041  (I  Kessl  Washington.  DC 

NAVSFCCiRCAC  I  PWO.  Aclak  AK.  PWO.  I  d/ell  Scotland.  PWO,  Puerto  Run;  PWO.  lorn  Sin.  Okinawa 
NAVSF.CS  I A  PWD  I  ngr  Dis.  Wash  .  DC 

NAVSIIIPYD  Code  404  4.  Long  Beach  C  A,  Code  404  4  (Iibrars)  Puget  Sound.  Bremeiton  W  A.  Code  'HO 
Portsmouth.  VA.  C  ode  4H4  '.  Pearl  Harbor  III;  C  ode  400.  Puget  Sound;  Code  410.  Mate  Is  Nalleto  CA. 


(otic  -14(1  Poll -.mouth  Nil:  (otic  440.  Norfolk,  (otic  440.  I’uccl  Sountl.  Bremerton  WA:  (otic  453  (l  til 
Suprl.  Vallejo  (A:  library .  Portsmouth  Nil:  PW  Dept.  I  .one  Heath.  (A:  PWD  (Code  420)  Dir  Portsmouth. 
VA;  PWD  ((  ode  4511-HD)  Portsmouth.  VA;  PWI)  ((  title  453  III))  SIIPO  03.  Portsmouth.  VA:  PWO. 
Bremerton.  WA;  PWO.  Mare  Is.:  PWO.  Puget  Sound:  SCE.  Pearl  Harbor  III:  lech  l  ibrary.  Vallejo.  (  A 
NAVSTA  Atlak.  AK.  CO.  Brooklyn  NY':  Code  4.  12  Marine  Corps  Dist.  Treasure  Is..  San  francisco  (  A:  Dir 
Engr  Div.  PWD.  May  port  FI..  Dir  Meeh  Engr  37WC03  Norfolk.  VA:  Idler.  Dir..  Kola  Spain:  Tong  Beach. 
CA.  Maint.  Coni  Div  .  (iuantanamo  Bay  Cuba:  Maim  Die.  Dir  Code  531.  Kotlman  Panama  Canal.  PW  D  - 
Engr  Dept.  Atlak.  Ak:  PWD  -  Engr  Die  Midway  Is.:  PWO.  kcll.mk  Iceland:  PWO.  Mayport  FI.:  SCI:. 

( iuam:  SCI  .  Pearl  Harbor  III:  SCF.  San  Diego  CA.  SCF.  Subic  Hay.  R.P 
NAVSl’PPACT  CO.  Naples.  Italy;  PWO  Naples  Italy 
NAVSCPPFAC  PWD  -  Maim.  Control  Div.  Ihurmom.  Ml) 

NAVSCRFW  PNCF.N  PWO.  While  Oak.  Silver  Spring.  Ml) 

NAVTEl  ITTRAl  EN  SCF.  Pensacola  FT 

N.W  1  1  1  (OMNICOM  (  ode  53.  Washington.  DC 

NAYWPNCFN  Code  2b3b  China  Take:  Code  3X03  (Inna  Take.  CA:  PWO  (Code  2hh>  China  lake.  CA:  Roll  ( 
(Code  702).  China  Take  CA 

NAVWPNSTA  (Clebak)  Colls  Neck.  N.I:  Code  IW2A.  Seal  Heath.  CA 
NAVWPNSTA  PW  Office  Yorktovvn.  VA 

NAVWPNSTA  PWD  -  Maim  Control  Div  .  Concord.  CA:  PWD  -  Supi  Oen  Ingr.  Sea!  Beach.  CA:  PWO. 

Charleston.  SC:  PWO.  Seal  Beach  CA 
NAVWPNSUPPCEN  Code  IN  (  rant-  IN 
NCFC  Const.  Elec.  School.  Port  llueneme.  CA 

NCBC  Code  1(1  Davisville.  Rl:  Code  15.  Pori  llueneme  CA:  Code  155.  Port  llueneme  CA:  (  ode  15b.  Port 
llueneme.  CA:  Code  251 1 1  Port  llueneme.  CA:  Code  43l>  tPW  Lngrngl  (iullport.  MS:  (  ode  47(1  2. 

Gulfport.  MS:  NEESA  Code  252  (P  Winters)  Pori  llueneme.  CA:  PWO  (Code  SO)  Port  llueneme.  CA: 

PWO.  Davisville  Rl:  PWO.  Gulfport.  MS 
NN1CB  FIVE.  Operations  Dept:  THREE.  Operations  Off. 

NOAA  Tibrary  Rockville.  Ml) 

NR1.  Code  5X0(1  Washington.  DC 
NSC  Code  54.1  Norfolk.  VA 
NSD  SCE.  Subic  Bay.  R.P. 

NSWSES  Code  (1150  Pori  llueneme.  CA 

NUSC  Code  131  Neve  London.  IT:  Code  5202  (S.  Sehatly  I  New  London.  Cl;  Code  E.AI23  (R  S  Munnl.  New 
London  CT:  Code  SB  331  (Brown).  Newport  Rl 

OFFICE  SECRETARY  OF  DEFENSE  OASI)  (MRAtVI  l  Dir  of  Energy.  Pentagon.  Washington.  DO 
ONR  Code  221.  Arlington  VA:  Code  700F  Arlington  VA 
PACMISRANFAC  III  Are  Bkg  Sands.  PWO  Kekaha.  Kauai.  HI 
PHIBCB  I  PsYE.  San  Diego.  CA 

PWI  ACC  Office  Norfolk.  VA;  CO  Norfolk.  VA:  CO.  (Code  10).  Oakland.  CA:  CO.  (.real  Takes  IT.  CO. 
Pearl  Harbor  III:  Code  10.  Great  Takes.  IT.  Code  105  Oakland.  CA:  (  otic  I  III.  Great  l  akes.  II  :  Code  110. 

Oakland.  CA.  Code  120.  Oakland  CA:  Code  154  (Tibrary).  Great  Takes.  II  :  Code  200  Great  Takes  IT: 

Code  400.  (ireal  Takes.  IT:  Code  400.  Oakland.  CA:  Code  400.  Pearl  Harbor.  Ill:  Code  400.  San  Diego. 
CA:  Code  420.  Great  Takes.  IT:  Code  42(1.  Oakland.  CA:  Code  424.  Norfolk.  VA;  Code  500  Norlolk.  VA: 
Code  505 A  Oakland.  CA;  Code  h(KI.  Great  Takes.  IT:  Code  (>10.  San  Diego  Ca:  (  ode  700.  Great  l  akes.  II  . 
Tibrary.  Code  I20C.  San  Diego.  CA:  I.ihrary.  Guam:  library.  Norlolk.  VA:  library.  Oakland.  CA: 

Tibrary.  Pearl  Harbor,  III:  Tibrary.  Pensacola.  FT:  l  ibrary.  Subic  Bay.  R.P  :  l  ibrary.  Yokosuka  .1 A :  l  lil 

Dept  (R  Paseua)  Pearl  Harbor.  HI:  Utilities  Ollieer.  Guam 
SPCC  PWO  (Code  120)  Mechanicshurg  PA 
SUPANX  PWO.  Williamsburg  VA 

TV  A  Smelser.  Knoxville.  Tenn  :  Solar  Group.  Arnold.  Knoxville.  IN 

ITS.  MERCHANT  MARINE  ACADEMY  Kings  Point.  NY  (Reprint  Custodian) 

IISAF  REGIONAL  HOSPITAL  Fairchild  AFB.  W  A 
USCG  (Smith).  Washington.  DC:  G-MMT-4X2  (.1  Spencer) 

USDA  Forest  Service  Reg  3  (R.  Brown)  Albuquerque.  NM 

liSNA  Oh.  Meeh.  Engr  Dept  Annapolis  Ml):  F.NGRNG  Div.  PWD.  Annapolis  Ml):  Energy -Environ  Study 
Grp.  Annapolis.  MD;  Environ.  Prot  R&l)  Prog  (.1  Williams).  Annapolis  Ml):  Meeh  Engr.  Dept  (C 
Wu).  Annapolis  MD:  USNA  Sys  Eng  Dept.  Annapolis.  MD 
USS  FULTON  WPNS  Rep.  Offr  (W-3)  New  York.  NY' 

ARIZONA  Kroelinger  Tempo.  A/.:  Stale  Energy  Programs  Off..  Phoenix  A/. 

AUBURN  UNIV  Bldg  Sei  Dept.  I  eehner.  Auburn.  Al 
BERKELEY  PW  Engr  Div.  Harrison.  Berkeley.  CA 

BONNEVILLE  POWER  ADMIN  Portland  OR  (Energy  Consrv  Oil  .  I)  Davevl 
BROOKHAVEN  NAIL  TAB  M  Steinberg.  Upton  NY 
CALIFORNIA  STATE  UNIVERSITY  TONG  BEACH.  CA  ((  III  I  APAHt 
OTEMSON  UNIV  Col  Arch  .  Egan.  Clcmson.  SC 
CONNEOTieCI  Office  of  Policy  <Y  Mgt.  Energy.  Div.  Hart  lord.  Cl 
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CORNELL  UNIVERSITY  Ithaca  NY  (Serials  Dept.  Liter  Lib  ) 

DAMES  .V  MOORF  LIBRARY  IDS  ANGLI  LS.  (  A 

DRURY  COLLEGE  Physics  Dept.  Springfield.  MO 

FLORIDA  ATLANTIC  UNIVERSITY  Boca  Raton.  LI  (McAllister) 

FOREST  INST.  FOR  OCEAN  &  MOUNTAIN  Carson  C  ity  NY  (Studies  •  Library) 

GEORGIA  INSTITUTE  OF  TECHNOLOGY  11  1  R  Johnson)  Atlanta.  GA:  C  ol.  Arch.  Benton.  Atlanta.  GA 

HARVARD  UNIV  Dept,  of  Architecture.  Dr.  Kim.  Cambridge.  MA 

HAWAII  STALE  DEPT  OF  PLAN  <Y  I  CON  D1V  Honolulu  HI  (  lech  Into  C  trl 

IOWA  STATE  UNIVERSITY  Dept.  Arch.  McKrown.  Antes.  IA 

WOODS  HOLE  OCEANOGRAPHIC  INSI.  Woods  Hole  MA  I Wingc!) 

KEENE  STATE  COLLEGE  Keene  Nil  (Cunningham) 
l  EHICill  UNIVERSITY  Bethlehem  PA  (I  inderman  Lib.  No  3(1.  Fleckstcincr) 

LOUISIANA  DIV  NATURAE  RESOURCES  &  ENERGY  Do  Ol  RAT).  Baton  Rouge.  I  A 
MAINE  OFFICE  OF  ENERGY  RESOURCES  Augusta.  ME 
MISSOURI  ENERGY  AGENCY  Jefferson  City  MO 

MIT  Cambridge  MA  (Rm  III-5CHI.  Tech.  Reports.  Engr.  Lib.):  Cambridge.  MA  (Harlentan) 

MONTANA  ENERGY  OFFICE  Anderson.  Helena.  Ml 

NATURAL  ENERGY  LAB  Library.  Honolulu.  III 

NEW  HAMPSHIRE.  Concord  Nil  (Governor  s  Council  on  Energy) 

NEW  MEXICO  SOLAR  ENERGY  INSI  Dr  Zwihcl  Las  C  ruces  NM 
NY  CITY  COMMUNITY  COLLEGE  BROOKLYN.  NY  (LIBRARY) 

NYS  ENERGY  OFFICE  Library.  Albany  N't 

OAK  RIDGE.  NAIL  LAB  I  Lundy.  Oak  Ridge.  IN 

PURDUE  UNIVERSITY  Lafayette.  IN  (C  E  l  iter.  Lib) 

SCRIPPS  INS  HIT  IE  OF  OCEANOGRAPHY  l.A  JOI.I.A.  CA  (ADAMS) 

SEA  I  I  I  E  U  Prof  Schuacglcr  Seattle  WA 

STATE  UNIV.  OF  NEW  YORK  Fort  Schuyler.  NY  (I  ongob.irdi) 

LEX  AS  A&M  UNIVERSITY  W  B.  Ledbetter  College  Station.  IX 

UNIVERSITY  OF  C  ALIFORNIA  Energy  Engineer.  Davis  (  A;  LIVERMORE.  CA  (LAWRENCE 
LIVERMORE  LAB.  FOKAR/l;  UC'SF.  Physical  Plant.  San  Francisco.  (  A 
UNIVERSITY  OF  DEL  AWARE  Newark.  DE  (Dept  ol  Civil  Engineering.  Chesson) 

UNIVERSITY  OF  FLORIDA  Dept  Arch..  Morgan.  Gainesville.  FI 
UNIVERSI  LY  OF  HAW  AII  HONOLULU.  HI '(SCIENCE  AND  EEC  II  DIV. I 
UNIVERSILY  OF  ILLINOIS  (Hall)  Urbana.  IE:  URBANA.  U  < LIBRARY) 

UNIVERSILY  OF  MASSACHUSETTS  (llcroiicmus),  ME  Dept.  Amherst.  MA 
UNIVERSITY  OF  NEBRASKA-1  TNCOl.N  Lincoln.  NE  (Ross  Ice  Shelf  Prop) 

UNIVERSITY  OF  NEW  HAMPSHIRE  Elec.  Engr  Depot.  Dr  Murdoch.  Durham.  N  il 
UNIVERSILY  OF  TEXAS  Inst.  Marine  Sci  (Library).  Port  Arkansas  IX 
UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  LX  (THOMPSON) 

UNIVERSITY  OF  WASHINGTON  Seattle  WA  (I  l  inger) 

UNIVERSIT  Y  OF  WISCONSIN  Milwaukee  Wl  (C  tr  ol  Great  l  akes  Studies) 

ARVID  GRANT  OLYMPIA.  WA 

ATLANTIC  RIC  HFIELD  CO.  DALLAS.  IX  (SMITH) 

BECHTEL  CORP.  SAN  FRANC  ISCO.  (  A  (PHELPS) 

CHEMED  CORP  Lake  Zurich  II  (Dearborn  C  hem  Div  .Lib.) 

COLUMBIA  GULF  TRANSMISSION  CO  HOUSTON.  IX  (I  NC.  1  IB  ) 

DESIGN  SERVICES  Beck.  Ventura.  CA 
DIXIE  DIVING  C  ENTER  Decatur.  GA 
DURI.ACH.  O’NEAL.  JENKINS  &  ASSOC  C  olumbia  SC 
CiARD  INC  Dr  L.  Holmes.  Niles.  II 

EILHONIA  LIGHTING  Application  eng  Dept.  (B  Helton).  C  omers.  GA  30207 
MCDONNEE  AIRCRAFT  CO  (Fayman)  f.ngrng  Dept  St  l  outs.  MO 
MEDERMOTI  &  CO.  Diving  Division.  Harvey.  l.A 

NEWPORT  NEWS  SHIPBLDG  &  DRYDOCK  CO  Newport  News  VA  (lech  Lib.) 

PAC  IFIC  MARINE  TECHNOLOGY  (M.  Wagner)  Duvall.  W  A 
PCi&E  Library.  San  Francisco.  CA 

PORTLAND  C  EMENT  ASSOC  Skokie  II.  (Rsch  &  Dev  Lab.  Lib  ) 

RAYMOND  INTERNATIONAL  INC  E  Colic  Soil  Lech  Dept.  Pennsauken.  N.I 
SANDIA  LABORATORIES  Albuquerque.  NM  (Vortman):  Library  Div..  Livermore  CA 
SCHUPAC  K  ASSOC  SO  NORWAI  K.  C  l  (SCHUPACK) 

SHELL  DEVELOPMENT  CO.  Houston  IX  (C  Sellars  Jr. ) 

TEXTRON  INC  BUFFALO.  NY  (RESEARCH  C  ENTER  I  IB  I 
TRW  SYSTEMS  REDONDO  BEACH.  CA  (DAI) 

UNITED  TECHNOLOGIES  Windsor  l  ocks  CL  (Hamilton  Std  Div  .  I  ibrarv ) 

WARD.  WOI.ST  ENIIOI.D  ARCHITECTS  Sacramento.  CA 

WESTINGHOUSE  ELECTRIC  CORP  Annapolis  Ml)  (Oceanic  Div  lib.  Brvan):  library.  Pittsburgh  PA 
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WM  O.APP  LABS  -  BAITl  I  I  I  DUXBURV.  MA  (LIBRARY 

BRAHTZ  La  Jolla.  CA 

FISHER  San  Diego,  t  a 

KE I  RON.  BOB  Fl  Worth.  I  X 

KRUZIC.  I  P.  Silver  Spring.  Ml) 

T  W  MERMEI  Washington  DC 
WALTZ  Livermore.  CA 
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